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ARCHITECTURE RTL OF 
constant B4_0 
constant B4_1 
constant B5J) 
constant B7J) 
constant B9J) 
constant X_1 1 J) 
constant X_12_0 
signal ini 
signal x_count 
signal Bsync_1 
signal Bsync_2 
signal Bsync_3 
signal Bsync_p 
signal b_count 
signal column_end 
signal prt_ena_1 
signal prt_ena_2 
signal prt_ena_3 
signal Hsync_p 
signal color_end 
signal color_base 
signal buf_valid 
signal buf_valid_1 
signal buf_valid_2 
signal n_count 
signal color 
signal coloM 
signal n_num_div16 
signal block_end 
signal c_num 
signal b_r_adr 
signal r_adr_tmp 
signal r_color 
signal bf_chg 
signal r_count 
signal r_c_count 
signal r_c_end 
signal r_c_num 
signal r_v_count 
signal r_req_tmp 
signal r_req_stack 
signal r_ini_end 
signal wjni_end 
signal r_end 
signal w_end 
signal data 
signal bn 
signal x_pst 
signal bfO_rd 
signal bfO_rd_aJI 
signal bf1_rd_all 
signal bfO_read 
signal bf0_read_1 
signal h_dat 
signal tb_sel 
signal bn_seq 
signal x_cfiff 
signal h_dat_s 
signal bfO_wite 
signal c_max_tmp 
signal buf_v_ini 
signal buf_vld_1 
signal pst_1 



BUFFER CONTROL IS 

:std_logic_vectoK3 downto 0) 
:std_logic_vector(3 downto 0) 
:std_k)gic_vector(4 downto 0) 
istdJogic_vector(6 downto 0) 
:stdJogic_vector(8 downto 0) 
:std_logic_vectoKX_MSB downto 
:stdJogic_vectoKX_MSB downto 
:stdJogic ; 



11) 
12) 



:=(others=>'a) 
:=(others=>T) 
i=(others=>*0/) 
:=(others=>'0') 
:=(others=>'a) 
:=(others=>'0') 
:= (others =>'0') 



:stdJogicvector(X__MSB downto 0) ; 



— counter initialize 



istdjogic 
:std_logic ; 
:stdJogic ; 
:std_logic ; 

:std_logic_vector(3 downto 0) ; 

:std_logic ; 

:std_logic ; 

:std_logic ; 

istdjogic ; 

istdjogic ; 

:std_logic ; 

:stdJogic_vector(8 downto 0) ; 
:std_logic ; 
istdjogic ; 
istdjogic ; 

:stdJogic_vector(4 downto 0) ; 
:stdJogic_vectoKl downto 0) ; 
:stdJogic_vectoKl downto 0) ; 
:std_logic_vector(8 downto 4) ; 
istdjogic ; 

:stdJogic_vectoK8 downto 0) ; 
:stdJogic_vector(8 downto 0) ; 
istdJogic_vector(A_MSB downto 
:stdJogic_vector(1 downto 0) ; 
istdjogic ; 

:stdJogic_vector(8 downto 0) ; 
:stdJogic_vector(8 downto 0) ; 
istdjogic ; 

istd_logic_vectoK8 downto 0) ; 
:stdJogic_vector(8 downto 0) ; 
istdjogic ; 

istd_logic_vectoK2 downto 0) ; 
istdjogic ; 
istdjogic ; 
istdjogic ; 
istdjogic ; 

istd_logic_vector(B_NUM downto 
:stdJogic_vector(3 downto 0) 



— block sync, delay 1 
— block sync, delay 2 
— block sync, delay 3 
— block sync, rising edge 
— block sync, count 

— print enable delay 1 
— print enable delay 2 
—print enable delay 3 
— print enable rising edge 
— nozzle boundary of color 
— color boundary 
— buffer is valid 
— buffer address is valid 
— buffer output is valid 
— nozzle num in block 
— color num -1 

—color for SRAM out idelay 1 
— c_num/1 6 

— color nozzle num-1 
— buffer read address 
A_LSB) ; —EXT RAM address 
—color for EXT RAM read 
— read buffer change 
— EXT RAM read counter 
— EXT RAM color num counter 
—EXT RAM color end 
— color num-1 for EXT RAM 
— EXT RAM read valid counter 
— bitmap read request 
— EXT RAM read req stack 
— 1st buffer fill req end 
— 1st buffer fill write end 
—EXT RAM read end 
— buffer write end 
0); —heat data 
— nozzle block number 



:stdJogic_vectoKX_MSB downto 0) ; — x position for heat data 
istdJogic_vector(3 downto 0) ; 
istdjogic ; 
istdjogic ; 
istdjogic ; 
istdjogic ; 
:std_logic ; 

:stdJogic_vector(1 downto 0) ; 
:stdJogic_vector(63 downto 0) ; 



istdJogic_vectoKA_MSB downto A_LSB); 



— bufferj) read for odd nozzle 
— all nozzle read bufferj) 
— all nozzle read buffeM 
— bufferj) read 
— bufferj) read delay 1 
— heat data 

— block seq. table select 
-block sequence 



istdjogic ; 
istdjogic ; 

istdJogic_vector(1 downto 0) ; 
istdjogic ; 
istdjogic ; 

:stdJogic_vector(4 downto 0) ; 



— heat data from SRAM 
— bufferj) write 
— color num for yobito 
— for buffer initial read 
— buffer address is valid 
— x pos for read address 
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BEGIN 



ini <= NOT(print_e) OR init ; 
birfvldj <= buf .valid AND birfvalidj 

Bsync.dly : PROCESS (elk, rst_n) 
BEGIN 

IF (rst_n= , 0') THEN 

Bsync_1 <='0' 
Bsync_2 <='0' ; 
Bsync_3 <=0 ; 
prt_ena_1 <='0' ; 
prt_ena_2 <='0' ; 
prt_ena_3 <='0* ; 
ELSIF elk =T AND elk'event THEN 

IF ini=T OR ena='0' THEN 
Bsync_l <='0' ; 
Bsync_2 <='0* ; 
Bsync_3 <='a ; 
prt_enaj <='0' ; 
prt_ena_2 <='0* 
prt_ena_3 <='0' ; 



ELSE 



FIG. 8C< 



Bsync_1 <=Bsync ; 
Bsync_2 <=Bsync_1 ; 
Bsync_3 <=Bsync_2 ; 
prt_ena_1 <=print_e; 
prt_ena__2 <=prt_ena_1 ; 
prt_ena_3 <=prt_ena_2 ; 
END IF ; 

END I F; 
END PROCESS Bsync.dly; 

Bsync_pulse : PROCESS (Bsync_2, Bsync_3) 
BEGIN 

IF Bsync_2= , V AND Bsync_3='Cr THEN 
Bsync_p< — V ; 

ELSE 

Bsync_p<='0' ; 

END IF ; 
END PROCESS Bsync_pulse ; 

Hsync_pulse : PROCESS (prt_ena_2, prt_ena_3) 
BEGIN 

IF prt_ena_2-T AND prt_ena_3=0' THEN 
Hsyncj3<=T ; 

ELSE 

Hsync_p<='0' ; 

END IF; 
END PROCESS Hsync_pulse ; 



> 801 



— for buffer read 

clr_bas_gen : PROCESS (elk, rst_n) 
BEGIN 

IF (rst_n='0') THEN 

co1or_base<=(others =>'0') ; 
ELSIF clk=T AND elk'event THEN 

IF init=T OR block_end=T THEN 

color_base<=(others =>'O0 ; 
ELSIF color_end=T THEN 
colorj3ase<=color_base+c_num+T ; 

END IF; 
END IF; 
END PROCESS clr_bas_gen ; 
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num_cnt : PROCESS(clk, rst_n) — color access counter of each block 
BEGIN 

IF (rst_n ='0') THEN 

n_count<=(others =>'0) ; 
ELSIF clk=T AND clk'event THEN 

IF buf_vld_1 ='0' OR color_end=T THEN 
n_count<= (others =>'0') ; 

ELSE 

n_count< =n_count+'1 ' ; 
END IF; 

END IF; 
END PROCESS nurncnt ; 

end_ncnt_det : PROCESS (n_count, n_num_div16, buf__vid_1) 
BEGIN 

IF n_count=n_num_div16 THEN 

color_end<=buf_vid_1 ; 

ELSE 

color_end<=*0' ; 

END IF ; 
END PROCESS end_ncnt_det ; 

colorcnt : PROCESS (elk, rst_n) 
BEGIN 

IF (rst_n ='0') THEN 

color <=(others =>*0*) ; 
ELSIF clk=T AND elk'event THEN 

IF init=T OR block_end=T THEN 

color<=(others =>'0') ; 
ELSIF color_end=T THEN 
color<=color+'V ; 

END IF; 

END IF; 
END PROCESS color_cnt ; 

end_blk__det : PROCESS (color, c_max_tmp, color_end) 
BEGIN 

IF color=c_max_tmp THEN 

block_end<=color_end ; 

ELSE 

block_end<='0' ; 

END IF; 
END PROCESS end_blk_det ; 

div16_mux : PROCESS (color, cO_num, d_num, c2_num, c3_num, c_num) 
BEGIN 

CASE color IS 

WHEN "OCT => 

WHEN "01" -> 

WHEN "10" => 

WHEN others => 
END CASE ; 

n_num_div16<=c_num(8 DOWNTO 4); 
END PROCESS div16 mux; 



c_num<=cO_num ; 
c_num<=c1_num ; 
c_num<=c2__num ; 
c_num<=c3_num ; 



buf_vld_gen : PROCESS (elk, rst_n) 
BEGIN 

IF (rst.n ='0 , )THEN 

buf_vaiid<= , 0' ; 
ELSIF clk=T AND elk'event THEN 

IF init=T OR block_end=T THEN 

buf_valid<= , 0* ; 
ELSIF Bsync_p=T THEN 
buf_valid<=T ; 

ELSE 

IF w_ini_end='a AND w_end=T THEN 
buf_valid<=T; 

END IF; 

END IF; 
END IF ; 
END PROCESS buf_vld_gen ; 
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b_cnt : PROCESS (rst_n, elk) 
BEGIN 

IF rst_n= , 0' THEN 

b_count<=(others =>'0') ; 
ELSIF clk=T AND clk*event THEN 

IF ini=T OR Hsync _p=T OR columnend=T THEN 

b_count<=(others =>V) ; 
ELSIF Bsync_p=T THEN 

b_count<=b_count+T ; — count up 

END IF ; 

END IF ; 
END PROCESS b_cnt ; 

end_Blockdet : PROCESS (dir, bs_auto, bcount, Bsync_p) 
BEGIN 

IF 4\r=V OR bs_auto= f a THEN 
IF b_count=B4_1 THEN 

column_end<=Bsync_p ; 

ELSE 

column.endo'O* ; 

END IF; 

ELSE 

IF b_count=B4_0 THEN 

co!umn_end< = Bsync_p ; 

ELSE 

column_end<='0' ; 

END IF; 

END IF; 
END PROCESS end_Block_det : 

x_cnt : PROCESS (rst.n, elk) 
BEGIN 

IF rst_n='0' THEN 

x_count<=(others =>'0') ; 
ELSIF clk=T AND elk'event THEN 

IF ini=T OR Hsync_p=T THEN 

x_countO(others =>*0') ; 
ELSIF column_end=T THEN 

x_count<=x_count+T ; 

END IF; 

END IF ; 
END PROCESS x.cnt ; 

x_pst<=x_count+x_off ; 

b_r_adr_gen : PROCESS (n_count, co!or_base, bn, x_pst) 
variable b_r_adr_tmp : std_logic_vector(8 downto 0) ; 

BEGIN 

b_r_adr_tmp :=color_base+(n_count(4 downto 1)& bn & n_count(0)) ; 
br_adr <=b_r_adr_tmp(7 downto 0)& x_pst(5) ; 
END PROCESS b_r_adr_gen ; 
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bfvld.dly : PROCESS (elk, rst_n) 
BEGIN 

IF (rst_n='0*) THEN 

buf_validj<= f (y ; 
buf_valid_2<='a ; 
ELSIF clk=T AND clk*event THEN 
IF init=T THEN 
buf_valid_1<= f a ; 

buf_valid_2< 

ELSE 

buf_valid_l < 
buf_valid_2< 

END IF ; 
END IF ; 
END PROCESS bf_yicLdly ; 

color_dly : PROCESS (elk, rstji) 
BEGIN 

IF (rst_n='0') THEN 

color^1<=(others=> , 0') ; 
ELSIF clk=T AND elk'event THEN 
colorJ<=color ; 

END IF ; 
END PROCESS color_dly ; 

bfO_read<=NOT x_pst(5) ; 

bf0_read_dly : PROCESS (rst_n, elk) 
BEGIN 

IF rst_n='0* THEN 

bf0_readj<='0'; 
ELSIF clk=T AND elk'event THEN 

bf0_readj <=bfO_read ; 

END IF ; 
END PROCESS bfO_read_dly ; 

bn_seq<=b!k_tblO_0 & blkJbfOJ ; 
bn_dly : PROCESS (rst_n, elk) 

variable bn_sel : std_logic_vectoK3 downto 0) ; 

variable Isb : integer range 0 to 63 ; 

BEGIN 

IF rst_n-*a THEN 

bn<=(others=> , 0*) ; 
ELSIF clk=T AND elk'event THEN 

IF buf_valid=T AND buf_vaJid_1 ='0' THEN 
bn_sel : =NOT (b_count) ; 

Isb : =CONVJNTEGER CO' & bn_sel & "00") 
FOR i IN 0 TO 3 LOOP 

bn(i)<=bn_seq(i+lsb) ; 

END LOOP ; 

END IF; 

END IF; 
END PROCESS bn_dly ; 



=•0' ; 

=buf_va!id ; 
=buf_vld_1 ; 
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bfO_/d_d : PROCESS (ret n, elk) 
BEGIN 

IF rst_n='a THEN 

bfO_rd<= (others =>V) ; 
ELS IF clk=T AND clKevent THEN 
IF init=T THEN 

bfO_rd<= (others =>'a) ; 
ELSIF buf_vkM=T THEN 

bfO_rd (CONVJNTEGER(color))<=bfO read ; 

END IF; 

END IF; 
END PROCESS bfO_rd_d ; 

bf_rd_all_det : PROCESS (c max tmp, e bfO rd, o bfO rd) 
BEGIN ~ _ _ _ _ 

bfO_rd_all<='a ; 
bfl.rd.alk^O' ; 
CASE c_max_tmp IS 

WHEN "00" => 

IF bf0rd(0)=T THEN 

bfO_rd_all<=T ; 

END IF ; 

IF bf0_rd (0)='0' THEN 

bf1_rd_all<=T; 

END IF; 
WHEN "01" => 

IF bf0/d(1 DOWNTO 0)="H" THEN 
bfO_rd_afl<=T ; 

END IF; 

IF bf0_rd(l DOWNTO 0)="00" THEN 
bf 1_rd_all<=T ; 

END IF; 
WHEN "10" => 

IF bf0_rd(2 DOWNTO 0)="1ir THEN 
bfO_rd_all<=T ; 

END IF ; 

IF bf0_rd(2 DOWNTO 0)="000" THEN 
bfl_rd all<=T; 

END IF; 
WHEN others => 

IF bf0_rd(3 DOWNTO 0)= M 11ir THEN 
bfO_rtl_all<=T ; 

END IF ; 

IF bf0rd(3 DOWNTO 0)="0000" THEN 
bf1_rd_all<=T; 

END IF ; 

END CASE ; 
END PROCESS bf_rd_all__det ; 

bf_write_det : PROCESS (rst n, elk) 
BEGIN 

IF rst_n='0* THEN 

bfO_wite<=T; 
ELSIF clk=T AND elk'event THEN 
IF init=T THEN 

bfO_wite<=T ; 
ELSIF bf_chg_1=T THEN 

bf0_wite<=NOT bfO wite ; 

END IF; 

END IF ; 
END PROCESS bfjwite_det; 

bf_chg_gen : PROCESS (Hsync_p, w_ini_end, w_end, bf0_wite, bfO_rd_aJI, bf1_rd_all) 

variable ini_chg : std logic ; 

BEGIN 

inLchg := (NOT w_ini_end AND w end) ; 
IF bfO_wite=T THEN 

bf_chg<=ini chg OR (w end AND bfO rd all) ; 
ELSE " 

bf_chg<=ini_chg OR (w end AND bf 1 rd all) ; 
END IF; " ~ 

END PROCESS bf chg gen ; 
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pst_dly : PROCESS (elk, rst_n) 
BEGIN 

IF (rst_n='a) THEN 

pst_1<= (others =>T) ; 
ELSIF clk=T AND elk'event THEN 

pst_1<=NOT x_j>st(4 downto 0) ; 

END IF ; 
END PROCESS pstdly ; 

h_dat_s_mux : PROCESS (pst J , bf0_readj, datj), dat_1) 
variable pst : integer range 0 to 31 ; 

BEGIN 

pst :=CONVJNTEGER CO* & pst_1) ; 

IF bfO_readJ=T THEN 

h_dat_s<==dat_0(pst) ; 

ELSE 

h_dat_s<=datj(pst); 

END IF ; 
END PROCESS h_dat_s_mux ; 



h_dat<=h_dat_s; 

out_pack : PROCESS (elk, rst_n) 
BEGIN 

IF (rst_n= , 0 1 ) THEN 

data<= (others =>*O0 ; 
ELSIF clk='r AND elk'event THEN 

IF buf_valid_2= , r AND(print_e= , V OR buf_v_ini=T) THEN 
data(0)<=h_dat ; 
FOR i IN TO B_NUM LOOP 

data(i)<=data(i-1); 
END LOOP ; 

END IF; 
END IF ; 
END PROCESS out.pack ; 
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f~ r_v_cnt : PROCESS (elk, rst_n) 
BEGIN 

IF (rst_n='a) THEN 

r_v_count<=(others =>'0') ; —buffer write address 

ELSIF clk=T AND elk'event THEN 

IF init=T OR bf_chg=T THEN 

r_v_count<=(others =>*0') ; 
ELSIF r_valid=T THEN 

r_v_count<=r v count +T ; 

END IF ; 
END IF; 
END PROCESS r_v_cnt ; 

end_wjni : PROCESS (elk, rst_n) 
BEGIN 

IF (rst_n='0') THEN 

wjnLend<=*0* ; 
ELSIF clk=T AND elk'event THEN 
IF init=T THEN 

w_inLend<='0' ; 
ELSIF w_end=T THEN 
wjni_end<=T ; 

END IF ; 
END IF; 
END PROCESS end_w_ini ; 

w_end_det : PROCESS (r reqjmp, r req stack) 
BEGIN " " " 

IF r_req_tmp='a AND r_req_stack="000" THEN 
w_end<=T ; 

ELSE 

w_end<= , 0' ; 

END IF ; 
END PROCESS w_end_det ; 

bf_adr_mux : PROCESS (rvalid, bfO wite, print e, yp_yobi, b r adr, r v count) 
BEGIN " 
IF r_valid=T THEN 

IF bfO_wite='a THEN 

adr_Oob_r_adr ; 
adr_1<=r_v_count ; 
weJK^O 1 ; 
we_K=T; 



ELSE 



ELSE 



END IF; 



adr_0<=r_v_count ; 
adr_1<=b_r_adr ; 
we_0<=T ; 
wej<='0/; 



we_0<='0' ; 
we_1<='0*; 
adr_0<=b_r_adr ; 
adr_1ob__r_adr ; 

END IF; 
END PROCESS bf_adr_mux ; 

bf_vjni_det : PROCESS (elk, rst n) 
BEGIN 

IF (rst_n=*0') THEN 

buf_v_ini<='0' 
ELSIF clk='r AND elk'event THEN 

IF init=T OR block_end=T THEN 
buf_vjni<='0' ; 

ELSE 

IF wjni_end='a AND w_end=T THEN 
buf v ini<=T; 

END IF; 

END IF ; 
END IF; 
END PROCESS bf_vjni_det ; 
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^ cmax_det : PROCESS (c_max) 
BEGIN 

IF c_max- M 11" THEN 

c_max_tmp<="11" ; 

ELSE 

c_max_tmp< =c_max ; 

END IF ; 
END PROCESS cmax.det ; 

r_req_gen : PROCESS (elk, rst_n) 
BEGIN 

IF (rst_n='0*) THEN 

r_req_tmp<=*0' ; 
ELSIF clk=T AND clk*event THEN 

IF init=T OR bf_chg=T THEN 

r_req_tmp<=r ; 
ELSIF r_end=T THEN 

r_req_tmp<='0* ; 

END IF ; 
END IF; 
END PROCESS r_req_gen ; 

r_req_stck : PROCESS (elk, rst_n) 
BEGIN 

IF (rst_n='0') THEN 

r_req_stacko(others =>T) ; 
ELSIF clk=T AND elk'event THEN 
IF init=T THEN 

r_req_stack<=(others =>'(?) ; 
ELSIF rjia=T THEN 

IF r.valid^'O' THEN 

r_req_stack (2 downto 1)<=r_req_stack(2 downto 1)+T; 

ELSE 

r_req_stack< = r_req_stack + ' 1 ' ; 

END IF ; 
ELSIF r_valid=T THEN 

r_req_$tack<=r_req_stack-T ; 

END IF ; 
END IF ; 
END PROCESS r_req_stck ; 

end_rjni : PROCESS (elk, rst_n) 
BEGIN 

IF (rst_n='O l ) THEN 

rjni_end<='O r ; 
ELSIF clk=T AND elk'event THEN 
IF init=T THEN 

rjni_end<= , 0* ; 
ELSIF r_end=T THEN 
rjni end<==T ; 

END IF; 
END IF; 
END PROCESS end_r_ini ; 

r_end_det : PROCESS (r_color, c_max_tmp, r_c_end) 
BEGIN 

IF r_color=c_max_tmp AND r_c_end=T THEN 
r_end<=T; 

ELSE 

r_endOW ; 

END IF ; 
END PROCESS r_end_det ; 

r_adr<=r_adr_tmp ; 
r_req<=r_req_tmp ; 
y^BE<=o_bn ; 
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—for EXT RAM read 

r_ad_gen : PROCESS (elk, rst_n) 
BEGIN 

IF (rst_n='0') THEN 

r_adr_tmp< = (others => , 0*) ; 
ELSIF clk= , V AND elk'event THEN 
IF init=T THEN 

r_adr_tmp< =bm_strt_adr ; 
ELSIF r na=T THEN 

IF rc_end=T THEN 
r_adr_tmp< =r_adr_tmp + x_diff ; 
ELSE 

r_adr_tmpO r_adr_tmp + n 1 _diff ; 

END IF; 

END IF; 
END IF; 
END PROCESS r_ad_gen ; 

dif_sel : PROCESS (r_color, cO_diff, c1_diff, c2_diff. c3_diff, cO_num, d num,c2 num,c3 num) 
BEGIN 



■l 



CASE r_eolor IS 

WHEN "00" => x_diff<=cO_diff 

WHEN M 01 M => x_diff<=c1_diff 

WHEN "10" -> x_diff<=c2_diff 

WHEN others => x_diff<=c3_diff 
END CASE 
END PROCESS dif.sel ; 

c.cnt : PROCESS (elk, rst_n) —EXT RAM read counter for color 
BEGIN 

IF (rst_n= , O l ) THEN 

r_c_count<=(others =>V) ; 
ELSIF clk=T AND cik'event THEN 
IF init=T THEN 

r_c_count<=(others =>'0 P ) ; 
ELSIF r_c_end=T THEN 

r_c_count<=(others =>'O0 ; 
ELSIF r_na=T THEN 

r_c_count< =r c_count + T ; 

END IF; 

END IF 
END PROCESS c_cnt ; 

r_col_cnt : PROCESS (elk, rst_n) 
BEGIN 

IF (rst_n='0*) THEN 

r_color<= (others =>'0') ; 
ELSIF clk=T AND cik'event THEN 

IF init='V OR bf_chg=T THEN 

r_color<=(others =>*O0 ; 
ELSIF r_c_end=T THEN 

r_color<=r_color+T ; 

END IF ; 

END IF; 
END PROCESS r_col_cnt ; 

end_col_det : PROCESS (r_c_count, rc_num, r na) 
BEGIN 

IF r_count=r_c_num THEN 

r_c_end<=r_na ; 

ELSE 

r_c_end<='0' ; 

END I F; 
END PROCESS end_col_det ; 



r_c_num<=cO_num ; 
r_c_num<=c1_num ; 
r_c_num<=c2_num ; 
r_c_num<=c3_num ; 



END RTL; 
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